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N Neuron-glia Interactions and Nervous System Homeostasis. Ei
. 4
: Statement of the problem L
b
k The research program was and continues to be directed to the functional at
interactions between nerve fibers and their satellite glial cell investment. y
The long term aim is to determine the role of the glial cell in maintenance of h
; the ionic homeostasis of the perineural enviromment during resting and active B
X neuron states, the mechanisms which glial cells and neurons use to modulate Ry
b each others metabolic state and the chemical, electrical and neurchumoral \
‘ communication links that exist between the axon (neuron) and its associated X
glial (Schwann) cells. '
&
\ The nervous system of the freshwater crayfish, Procambarus clarkii was y
the preparation of choice for most of the studies the axon has been well s
K characterized electrically and metabolically by a number of investigators A
) including the P.1. The glial cell investment of the crayfish medial giant axon
' has been partially characterized by this investigator. At the time this .
L research program was started the crayfish was only one of two such axon- $
; Schwann cell preparations characterized for this work. The other being a ¢
tropical squid axon Schwann cell preparation not available in this country. }
) K
In latter phases of this research program the emphasis, as originally f
| planned, was shifted to the development of a mammalian cell culture model for
i axon-Schwann cell interaction studies for the purpose of determining the
K generality of our findings in the invertebrate systems. .
D
These studies were expected to provide us with a greater understanding of N
the mechanisms by which axons/neurons and their glial cell investments ‘
" communicate to actively regulate the ionic microenvironment of the nervous 4
: system and protect the signaling properties of nerve tissue. Possible : <
: clinical correlates in which glia are especially suited to be actively u
involved include nerve nutrition, nerve regeneration and the action of f
h physiological as well as toxic or therapeutic psychoactive agents. -~ - . o
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Summary of Results ¢
The following projects have been pursued during the period covered by the
research agreement:
v ?
1. Nerve energy metabolism. "
X
s
: 2. Ionic basis for the membrane potential of invertebrate Schwann cells, its d
i response to cholinergic agents and the role of these responses in Schwann -]
cell transport and ionic regulation of the neural microenvironment. !
3. Neuron-glia (axon-Schwann cell) interactions. b
‘)
4, Role of the perineurium (Blood-Brain Barrier) in ionic homeostasis of the 2
' central nervous system in the crayfish. f‘
) ‘(
1. Nerve Energy Metabolism '
D 0
gt
[ As a corollary to our previous experiments on the high energy phosphate »
' metabolism of single isolated giant axons and their associated glial cells of é
’ the crayfish ventral nerve cord we have extended our experiments to the oxygen )
metabolism of the same preparation. Our experiments suggest that the energy $
h metabolism of the nerve fiber is extra-odinarily sensitive to the presence of i
3 the glial cell. The inverse is also true. These results presented the "
' problem of the development of a method for the measurement of minute amounts

of oxygen consumed by single isolated giant axons. Differentiation between
the oxygen consumed by the axon and that consumed by the glial cells without
changing their metabolic and physiological interactions compounds the problem.

RACLA AL,

We have developed a method for oxygen consumption based on oxygen
quenching of fluorescence. A 200 um dialysis tube containing the f{luorescent
chemical dissolved in paraffin oil is placed in a capillary tube chamber in a
fluorescence microscope for measurements. See the submitted reprint for a é

LS
i

e e -

- e

detailed description of the method Hargittai, et al (1988). 1In initial
experiments we compared the oxygen consumption of the intact axon-Schwann cell

preparation to the preparation in which the axon had been internally perfused q
with extracellular fluid. We found that the glial layer which comprises .g
3 approximately 5% of the total volume of the axon accounted for approximately Py
: 50% of the ouabain sensitive oxygen consumption. Although this is an extra- by
‘ ordinary amount of oxygen consumption when the axon/glial cell volume ratio is !
¥ considered, the high energy phosphate consumption to oxygen consumption ratio
: was approximately .3 rather than 3:1. This data suggests 2 possibilities: (1) ‘:
that our previous measurements of phosphate consumption are incorrect (low) by &‘
\ a factor of 10 which seems unlikely in light of the extensive controls *
performed to insure measurement of total phosphate content of the axoplasm or }:
b (2) the axon and Schwann cell have such a close relationship that in the I
absence of a viable axon the glial layer down-regulates its energy consuming '
. functions. Structural relationships, for example the amount of glial plasma O
membrane of the sheath is approximately 10X that of the axon, support the ’:;
p concept that the axon-glial cell relationship was disturbed. Yy

To study this possibility we have completed initial experiments with a
non-permeant mitochondrial poison (carboxy-atractylocide), testing the .
effectiveness of the agent on mitochondrial oxygen uptake in pure cell free
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systems. In experiments to test its toxicity on the intact axon we have also
found that we can inject 1000 to 10,000 times the quantity necessary to block
oxygen uptake without effecting the electrophysiological function of the axon 4
for up to 1 1/2 hr. The last experiments to be performed are now under way. A
These will measure oxygen consumption of the glial (Schwann) layer in the

. presence of electrophysiological normal but metabolically deficient axons. It
N is expected that these experiments will be more representative of the normal

: in vivo situation. It is expected that the oxygen consumption of the glial

by layer will represent 90% of the total in the intact nerve-Schwann cell

R preparation. The importance of such experiments, as based on earlier findings
with phosphate consumption, is that the intact resting axon conserves energy

avee

LY
Lt

N by decreasing its membrane permeability by a factor of 10-20 times to ions and

other substances which require high energy phosphate for transport. That is,
' we propose that the resting nerve has a membrane resistance in the range of ¢
R 20,000 rather than the 1 - 2,000 usually estimated by methods that shift the 3
D membrane out of its true zero current steady-state. The data that is X

beginning to accumulate from our studies also suggests that the glial layer is
a major contributor to maintenance of nervous system steady-state conditions
by doing much of the transport work previously attributed to the nerve fiber.

-,
T

Relationship to Periaxonal Ionic Homeostasis,

2. Ionic Basis for the Low Membrane Potential of Glial Cells and Its

Y -

Do R0

" The experiments related to the investigation of the ionic basis for the
low membrane potential of glial cells and its relationship to transport of
ions out of the periaxonal space were completed in the early phase of the
research program period covered by this agreement.

g

A mw e

-

We discovered that the intracellular K concentration of the glial cell is
low, about 65mM compared to the axon which is about 275 mM, giving an
equilibrium potential for the glial cell of -60 to -65 mV. The membrane
'y potential is about -40 mV due to a high permeability and outward
& electrochemical gradient for Cl ions. Cholinergic agents, applied externally
! or acetylcholine released physiologically by axon stimulation cause the glial
cell to hyperpolarize toward the K equilibrium potential as a result of a
4 cholinergically-induced decrease in Cl ion permeability. The increased glial
¢ cell membrane potential decreases the K outward gradient reducing its efflux
into the periaxonal space. This mechanism allows for an apparent larger
dilution volume for the K released by the axon during stimulation and with an Kt
equal or greater K concentration in the periaxonal space the glial cell is
able to take up K in excess of its normal loss its electrochemical gradient.

A Ryt w o w

20

In a large series of additional studies on the intact axon-glial cell
preparation two separate K uptake systems were shown to participate in the
control of the periaxonal space K concentration. We discovered that the
resistance in series with the axon membrane was a reliable, although
qualitative, measure of glial cell volume and indicator of the manner in which

X K is taken up by the glial cell. 1In situations where small amounts of K enter
the periaxonal space the main route for K uptake into the glial cell is the
ouabain-sensitive Na-pump. Under these conditions the cell volume decreases.

. In the case where large amounts of K enter the periaxonal space both the

ouabain-sensitive Na-pump and furosemide-sensitive Na-K-2CL co-transport

system act to take up K. In this case cell volume increases with increasing

. participation of the co-transporter.
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The results of these experiments are in press at this writing. They will
be published as a a series of three articles (Brunder and Lieberman, Hassan
and Lieberman and Lieberman and Hassan) in Neuroscience Vol.25 No.3, 1988 (see
appendix).

3. Neuron-Glia Interactions

The fact that axon stimulation causes the release of acetylcholine
suggests that an agent is released during stimulation that acts on the glial
cell initiating a cascade ot events that ends, at the least, in a significant
hyperpolarization of the glial cell. Since K alone does not cause the
hyperpolarization one must assume that another agent is involved. A series of
experiments using the giant axon of the squid mantle nerve were performed in
an attempt to identify the agent released from the stimulated axon. We were
able to provide convincing evidence that glutamate was released in direct
proportion to axon stimulation and that quisqualte/kainate type glutamate
receptors were present on the glial cell membrane. On activation of these
receptors with glutamate -t the appropriate glutamate receptor agonist, the
glial cell membrane depolarized leading to the release of acetylcholine from
the glial cell which acts back upon itself to lead to glial cell
hyperpolarization. A published abstract describing these results is found in
the appendix along with a manuscript which is expected to be submitted to Glia
within the month. Experiments have been performed on crayfish axon-glial cell
preparation with results similar to those seen with the squid preparation.

An additional study has been completed in collaboration with Dr. Robert
Grossfeld of the Department of Zoology at N.C. State University. 1In these
studies we examined the transfer of macromolecules between the axon and glia
concentrating on the axon to glia direction. We found that both a fluorescent
protein and dextran transport marker was effectively transferred between the
two cells. Since most of the markers were found in the cytoplasmic regions of
the sheath, not the extracellular space it is proposed that the transfer is
cell to cell. Further experiments are being planned for the future to test
this hypothesis. A manuscript describing these results are IN PRESS in Glia.

4. Role of the perineurium in nervous system ionic homeostasis

All vertebrates and higher invertebrates are known to have a blood brain
barrier separating the circulating blood from the nervous system with a
primary role to maintain a stable neural environment compatible with
integrative nervous activity. The crayfish is a freshwater crustacean with a
partially open circulatory system requiring an efficient barrier to protect
the nervous system from disturbances in body fluid ionic content. The purpose
of this work was to study the mechanisms present in the perineurial glia for
nervous system ionic homeostasis for comparison with the mechanisms reported
for the periaxonal glia. Our findings in this area are fascinating in that we
have discovered that the rather loose tissue that makes up the Berineural
sheath has a significant electrical resistance (300-400 ohms.cm®) and has the
capability to restrict Na movement through the sheath almost completely. It
is most selective for K ion and a selectivity for Cl of about 1/10th that of
K. The sheath appears to be symmetric with respect to permeability
restriction although permeability is sensitive to internal and external K
concentration and the voltage across the sheath membrane. Some of the
restrictiveness for ions appears to be attributable to the mucopolysaccharide
matrix that makes up the basement membrane and the intercellular matrix
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between cells. Sheath permeability and selectivity are sensitive to
hyaluronidase treatment. The voltage generating capacity of the membrane is
related to the fact that K and Cl are not of equal permeability. 1t has been
shown that even in preparations that have no voltage generating capacity it is
generally a function of the decrease in K permeability rather than the
increase in Cl permeability, thus maintaining a high degree of restrictiveness
of the barrier. The selectivity of the barrier is quite sensitive to a number
of treatments such as pH, Ca depletion, La and enzyme treatment. It is of
interest that we were unable to find significant numbers of tight junctioms
between cells that can account for the permeability restriction and thus must
tentatively conclude that a combination of perineurial glial cell transport
and membrane K-conductance channels are responsible for the K selectivity over
a base selectivity of both selectivity and restrictiveness provided by the
basement membrane and intercellular matrix. We further propose that the
mucopolysaccharide matrix of the perineurium may be a model for the role of
extracellular matrix substance in ionic regulation of the intercellular space.

Lo B 83 b

A manuscript has been submitted to the J. Physiol. (Lond.) fully
describing our results in this topic area and several others are in
preparation concern the structure of the blood-brain barrier, metabolic
properties of the perineurial glia and current-voltage properties of the
perineurial lamella.
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. SUMMARY
4 Alightly platinized tungsten (Pt-W) wire electrode, axially inserted into a cravfish
: gant axon, causes the development of cardiac-hke action potentials with durations of
/ up to 4s. The plateau in membrane potential tvpicallv occurs within 10 min of the
! . . . P - . .
| start of action potential eclongation. The effect occurs without passing current
‘ through the Pt-W electrode and is temporallv related to a dramatic decrease in
intracellular pH (pH,). Such an effect cannot be induced by a decrease in pH;
produced by equilibrating the axon with HCO,™-CO; solution (pH 6), an NHCl
W rebound or direct intracellular injection of PO, buffer (pH 4:3). Action potential
elongation 1s accompanied by a block of delaved rectification and the possibility that
, inward rectification also develops cannot be ruled out. Plateau generation requires
N Na® and Ca®” inward currents as demonstrated by abolition of the plateau by
[Na*]., or {Ca®"}], depletion or treatment with tetrodotoxin (TTX) or verapamil.
: The block of outward rectification by Pt-W requires external Na™ or Ca®™. Action
\ potenuial elongation produced by 3,4-diaminopyvridine 1s not sensitive to verapamii
: and the waveform 1s different from that produced by Pt-W. The data support the
! possibility that different classes of excitable membranes have similar channel
populations and that the functional differences between them reside in the inhibitory
or masking influences that are present in the microenvironments of the various
K membrane channels.
)
»
»
1 INTRODUCTION
* . . . . .
i This study arose from a chance observation made while using tungsten (W) wire as
K \ a substitute for platinum (Pt) as an intracellular current-passing electrode. Tungsten
i 3 ¢ was expected to be a good alternative to Pt because of its superior mechanical
. properties and equivalent electrical properties.
N When cravfish giant axons were cannulated with a platinized tungsten (Pt-\W
. A g I g
v ! wire, prepared sinularly to platinized platinum electrodes, modification of the action
' potential (AP) occurred within 15 min. Whereas the normal action potential has a
duration of approximately I ms, action potentials with durations of up to 4s were
. pp ) p I
8 Kev words: avons, cravfish, cardiac-like action potenuals, tungsten electrodes, K*, Ca’®,
| channels.
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' A Pyrene Fluorescence Technique and Microchamber for Measurement of

A ' Oxygen Consumption of Single Isolated Axons

P. T. HARGITTAL D. D. GINTY, AND E. M. LIEBERMAN A
Department of Physiology. School of Medicine, East Caroltna University, Greenville, North Carolina 27858

Recetved October 17, 1986
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_‘ Pyvrene fluorescence 1s quenched by oxvgen in an inverse and hnear manner related to the
partial pressure of O, in solution. We have developed a microchamber for measuring (g, of a !
single isolated axon, monitoring the change in fluorescence of a pyrene probe. The probe .
consists of a Specira/Por dialysis hollow fiber filled with 2.5 mM pyrene 1 paraffin oil. The
probe is inserted into a 1-mm-i.d. 2-cm-lons quanz capillary 1ube with a freshly isolated ;
{ - . . . . l.g
crayfish medial giant axon. The capillary is mounted i1n an apparatus that forms an air- and .
b water-tight scal except for 4 0.2-mm-i.d. stainless steel tube at both ends permitting the ex- !
€ change of solutions. An Olympus inverted microscope. equipped with epifluorescence optics
S and a 150-W xenon famp. is used 10 view the preparation, generate the excitation light, and
monitor the emitted fluorescence with a photomultipher tube placed in the microscope TV ¢
I port. A dichroic filter unit is utilized to select an excitation wavelength of 350 nm and collect .
| emited hght above 420 nm. The signal is amplified with a Keithley 480 picoammeter and *
B recorded on a stnip chart. Q,,, of isolated axons was 552 + 70 ¥ 10 °® ol O, /liter tissue < min. Ly
) Following sequential treatment with 2 mM ouabain and 2 mM NaCN, (. decreased by 22 and
: R2%. respectively. These data are consistent with (., measurements of whole nerve cord made (
with a Clark electrode O> monitor. With minimal modification this syvstem could be used for .‘
metabolic measurements on simall quantities of cells in culture. microgram guantities of biopsy )
‘ material. and simultancous measurements of (o, and contraction of single muscle fibers,
) € 1987 Academic Press, Ing -
' Key WORDS: pyrene: fluorescence: oxvgen probe: ultramicrotechniques: neurochemistry. »
A "
i . Ly . . . . ‘o
: : The ratio of high energy phosphate (~P) differentiate between the axon and its glial .
; production to oxvgen consumption ((,) is  sheath proved fruitiess. Therefore, we de- )
! indicative of the metabolic pathways and  signed a simple air- and water-tight chamber
t . . . . - o . -
! 5 major substrates used by cells in maintaining 1o measure the Qo of single isolated axons ‘f
R their physiological and structural integrity. and their glial sheaths using a fluorescent N
{ _ As such. 1t is an important parameter when probe and a standard inverted fluorescence ,:
» . studying cellular metabolism. The P/O ratio  microscope. The oxygen probe used for con- ™
K may also serve as a useful reference in exper-  tinuous oxygen monitoring is a medification '.:
iments in which ~P requirements of a spe-  of the fluorescent pyrene technique origi- )
cific cell function are studied. That is, confi-  nally developed by Longmuir and colleagues 3
dence 1s increased that a measured value of  for intracellular O> measurements (1.2). Py- -
3 . . ~ . .
) P/O 1s representative of the actual energy re-  rene, a highly fluorescent, hvdrophobic. and :’,'.
J quirement of the process if this ratio is within ~ nontoxic compound. is dissolved in paraffin ;
- the normal range for metabolism of aerobic o1l and encapsulated within a transparent .
; cells. microdialvsis tube. The principle of the (
A scarch of the literature for a convenient,  method is based on fluorescence quenching N
reliable. and cost-effective method to mea- by oxvgen. which is proportional to [Q:] in ¢
; sure the (o, of single isolated axons and to  the solution. o
5 i, -
I 0003-2697,/87 $3.00 41K o
Copaynight + 1987 by Academie Press, Ine
Al nghts of reproduction tnany torm reserved
W
‘.'
)
N
v ~—
5 ~
\!
e




WA

——— -—tm

[IX_ X

BRIEF COMMUNICATION

PERIAXONAL K* REGULATION IN THE SMALL SQUID

ALLOTEUTHIS

Studies on Isolated and In Situ Axons

N. JoAN ABBOTT, E. M. LIEBERMAN, Y. PICHON, S. HASSAN, AND Y. LARMET
Marine Biological Association Laboratory, Citadel Hill, Plymouth PL1 2PB, United Kingdom; and

Starion Biologique, Roscoff, F-29211, France

ABSTRACT A novel giant axon preparation from the squid Alloteuthis is described. Properties of in situ and isolated
axons are similar. Periaxonal K * accumulation is a function of the physiological state of the animal and of the axon and
its sheathing lavers. Carefully dissected isolated axons, and axons in situ in a healthy mantle. show much less K*
accumulation than previously reported in squid. It is suggested that the Schwann cells are involved in the observed K *

regulation.

INTRODUCTION

In -lassic experiments on the isolated giant axon of the
squid Loligo forbesi, Frankenhaeuser and Hodgkin (1956)
showed that stimulation at high frequency caused accumu-
lation of K* in the periaxonal space. The [K*] was
estimated from the undershoot (hyperpolarization) of the
action potential during a train of impulses. The resulis
were compatible with K* clearance via a permeable barrier
that they identified with the Schwann cell layer.

Since that study, it has generally been assumed that an
increase in extracellular [K"] is a necessary consequence
of neural activity, and indeed a rise in {K*] around active
neuroncs has been der  nstrated in numerous vertebrate
and invertebrate preparations (Orkand ct al.. 1966: Baylor
and Nicholls, 1969; Lux and Neher, 1973; Heinemann and
Lux, 1977; Sykova and Orkand, 1980; Urkand, 1980).
However, it is now known that the nervous system has
several mechanisms for minimizing K~ accumulation,
including specializations of glial cell membranes (see, ¢.g.,
Coles, 1985). Glial mechanisms have generally been inves-

Dr. Abbott’s present address is Department of Physiology, King's Col-

lege. Strand, London WC2R 2LS. UK.

Dr. Lieberman and Dr. Hassan are presently at Department of Physiol-

ogy. East Carolina Medical School. Greenville, NC 27834,

Dr. Pichon and Dr. Larinet are at Laboratoire de Neurobiologie Cellu-

laire et Moiéculaire, CNRS, Gif-sur-Yvette. F-91190, France.

Address correspondence to Dr. N. J. Abbott, Department of Physiology.,

King's Colicge, Strand, London WC2R 2LS, UK.

tigated in isolated and cultured glia (Kettenman et al.,
1983: Hertz, 1986; Kimelberg et al., 1986), and it has been
difficult 1o extrapolate from these to the in vivo condition.

We chose to reexamine the role of glial cells in extracel-
Jular K* regulation, using a novel squid axon preparation
which has several advantages, and in which normal geo-
metrical relations between axon and glia are preserved.
Squid giant axon physiology has been thoroughly investi-
gated, and knowledge of the kinetics of K clearance from
the axon surface is important for interpretation of the
membrane ion currents (Adelman and Fitzhugh, 1975;
Clay, 1986). A great deal is known about the pharmacol-
ogy of the periaxonal glial (Schwann) cells. and the way
they respond to axonal stimulation (Villegas, 1984; Evins
et al., 1985, 1986).

The small squid Alloteuthis subulata, mantle length
6-10 cm, can be caught with minimal damage and survives
well in the laboratory. The thinness and transparency of
the mantle makes it a promising preparation for recording
from giant axons in situ. The vasculature is accessible for
cannulation and perfusion. In this paper we describe the
preparation, and compare the properties of isolated and in
situ axons. We present evidence that K* accumulation is
much less marked than previously shown if the axons/
Schwann cell sheaths are in good physiological condition.
In the subsequent paper, we present a guantitative treat-
ment that explores the mechanisms responsible (Astion et
21, 1988).

Preliminary accounts have been published (Abbott et
al., 1985; Pichon et al., 1987, 1988).

BiopHys. J. © Biophysical Society 0006-3495/88/02/275/05  $2.00 275
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L CELL
STUDIES OF AXON-GLLX,([NTERACTIONS AND PERIAXONAL
K~ HOMEOSTASIS—I. THE INFLUENCE OF NA*, K*, CI-
AND CHOLINERGIC AGENTS ON THE MEMBRANE
POTENTIAL OF THE ADAXONAL GLIA OF THE
CRAYFISH MEDIAL GIANT AXON

AL dcen

D. G. BRUNDER® and E. M. LigBERMANT
Depariment of Physiotogy. School of Medicine. East Carohina University. Greenvilie. NC 27858, U.S.A.

Abstract—The jonic basis for the low | — 40 mV) resuing membrane potential of ghal cells surrounding the
mant axons of the cravfish and their hyvperpolanzauon by cholinergic agents (10 ~ 55 mV) was studied
using standard electrophystological techniques. iomc substitutions and pharmacological agents. The
resting membrane potenual of the ghal cell was depolanzed by increasing [K*],. bul the response was
not Nernstian. Na~ depleuon caused a small depolanzation of the ghal resung membrane potenual,
whereas C1- deplenon resulted 1n a hvperpolanzauon comparable to that seen with carbachol at various
[K*).. Both furosemide (I mM) and bumetanide (0.1 mM) produced an ¥-10 mV hyperpoianzation as
compared 10 1517 mV seen with C1- deplenon or carbachol. Carbachoi has no furtner effect on the
potenual following furosemide treatment of Cl  depletion. After carbachoi admumisiraticn o‘ Cl-
depletion the resung membrane potenual of the ghal cell responded to {K *]. in a more Nernstian manner.

The dawa indicate that the low resung membrane potential of ghal cells 1s due to a combinauon of a
low [K*} and an outwardiv-directed (depolanzing) C!- electrochemical gradient. Carbacho! acts to
decrease Cl~ conductance. resulung in the hvperpolanzation of the ghal cell membrane and a decrease
n the outwardiv-directed K * electrochemical gradient by approximately two-thirds. We hypothesize that
this mechanism for modulatnon of the ghal cell membrare potental and the K* electrochemical gradient

serves to enhance the uptake of K* by the ghal cell transport sysiem.

The role of the ghal cell layer in restricting the free
movement of substances between the adaxonal or
perineural space and the bulk extracellular space has
been the subject of extensive studies®**'4** because of
its importance 1o regulation of {K*], and main-.
tenance of integrative nervous acuivity. Accumulation
of [K*), mn the immediate vicinity of axons and
neurons duning their excitation can drasucally affect
a number of properties including resting membrane
potential (£,). achon potential amplitude, svnaptic
transmission,  excitabihty threshoid and acuon
potenual propagation velocity of the nerve fiber.
Frankenhaeuser and Hodgkin'* proposed that the
Schwann cell laver surrounding the squid giant axon
corresponds to a barrier restricting the passive
dittusion of K~ 1nto the bulk extracelluiar lud with
a ume constant of 50~100ms. This idea was later
modified by Orkand er al.™ who proposed that the
ghal cells of the central nervous sysiem acted as
passive “spatial buffers™ 1n moving K* from areas of
high concentration to areas of low concentration by

*Present address. Depariment of Physiology and Bio-
physics,  University  of  Texas Medical  Branch.
Galvesten, TX 77550, US AL

+To whom cerrespondence should be addressed.

Abbrerianions: E_, resting membrance potent'al. P, o k o
permeability of Na or K or Cli R,. senes resistance;
SITS. 4acetarmido-4 -isothiocvanatosulbene-2.2 -disul-
fomc acid. d-TC. d-tubocurare.

2 mechanism involving the asymmetnic depolanz-
ation of ghal cells.

In contrast to the findings of Frankenhaeuser and
Hodgkin'* the more recent investigation by Shrager
er al.* showed that K. can be cleared from the
penneural space of crayfish giant axons with a time
constant of Sms and Abboll et al.! have demon-
strated that K~ does not accumulate in the penineural
space of the giant axon of the small squid. Alloreuths,
during 100 Hz sumulauon which is equivalent o a
K - -clearance ume of less than 10 ms.

After the first few milliseconds of high frequency
stimulation, the clearance of [K *]. in the piant axons
of both Allvteuthis and the crayfish cannot be
accounted for by passive diffusion alone. Similarly.
spatial buffering.”* which depends on high sensiiviiy
of the ghal ceil membrane potential to a small
increase 1in [K "], (a Nernstian response 10 K~). is
unlikely to be the sole mechanism for rupid K*
clearance from the adaxonal space of giant axon
svstems since the low membrane potenual of
adaxonal glia and their hyperpolarization during
sumulation of the axon! 1% 4" would himit clearance
forces. Therefore, active ion transport mechamsms of
gha. n addition to diffusion and spaual buffening.
would appear to be necessary for Jong-term [K°)
homcostasis. Rapid clearance of penaxonal K can
be enhunced by ghal cell uptake nf,(l\"/L’M main-
taimng an apparent large extracellular volume for
dilution of the entenng K*.
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STUDIES OF AXON-GLIAL CELL INTERACTIONS AND '
()
PERIAXONAL K* HOMEOSTASIS—II. THE EFFECT OF g
L]
AXONAL STIMULATION, CHOLINERGIC AGENTS AND y
F g
TRANSPORT INHIBITORS ON THE RESISTANCE IN l':
]
SERIES WITH THE AXON MEMBRANE N
S. Hassan and E. M. LIEBERMAN® 9
Department of Physiology, School of Medicine, East Carolina University, Greenville, NC 27858, U.S.A. ::
(N
)
c7 Abstract—The small electrical resistance in series with the axon membrane }onev-mouns‘ is generally ) 3
modeled as the intercelluiar pathway for current flow through the periaxonal ghal (Schwann cell) sheath. 3
The series resistance of the medial giant axon of the cravfish. Procambarus clarku. was found to vary with X
conditions known to affect the electrical properties of the penaxonal glia. )
Series resistance was estimated from computer analysed voltage waveforms generated by axial o
wire-constant current and space clamp techmiques. The average senes resistance for ali axons was 1:
6.2+ 0.5Qcm’ (n = 128). Values ranged between | and 30 Qcm’. The senes resistance of axons with low o
resting membrane resistance { < 1500 Qcm” ) increased an average of 30% when sumulaied for 45s10 7 min "
! (50 Hz) whereas the series resistance of high membrane resistance (> 1500 Qcm?) axons decreased an L3
4 average of 10%. Carbachol (10~ M) caused the senes resistance of low membrane resistance axons to }ﬁ'
decrease dunng stimulation but had no effect on high membrane resistance axons. d-Tubocurare (10°* M) U
caused the series resistance of high membrane resistance axons to increase during sumulation but had no )
effect on low membrane resistance axons. Bumetanide. 2 Na—K~C) cotransport inhibitor and low [K*],, Y
prevented the stimulation-induced increase in senes resistance of low menorane resistance axons but had :-"'
no cffect on the high membrane resistance axons. A
The results suggest that the series resistance of axons varies in response to thc activity of the glial K* S
uptake mechanisms sumulated by the appearance of K~ in the periaxonal space dunng action potential N
generation. An increase or decrease in the senes resistance is a funcuon of which K* uptake svstem "'
(bumetamide-sensitive or ouabain-sensitive) dominates. Which systern dominates depends on the quanuty L'
of penaxonal K= and the acuon of the ghal cell cholinergic system on the electrochemical gradient for )
K~. - \
&
»
. :f
o . . e . . . i
The electrophysiologicai properties of glial cells decrease’’ and result in a decrease in R, by in- 4
! change as a result of action potential (AP) gencration  creasing the size of the interceliular space. The ,
in their associated axon or application of cholinergic  bumetanide-sensitive Na-K~Ci cotransporter tends )
agents transport inhibitors or transport activators.>** to cause cell volume expansion’” which, in tumn, Ror
These changes should be reflected in the physiological ~ should result in an increase in R, by restricting the X3
nieractions bztween axons and their associated glial  transglial interceliular spaces. \
cells. To study these interacuons we examined the ‘g
resistance i_n_ senies with the axon membrane (R‘) EXPERIMENTAL PROCEDURES %,
under conditions known to affect glial cell properties. The medial [ th vral d of th \
N LAY . " ¢ medid gnanl aron o ¢ veniral nerve cord o 1
The R,. in theory. represcnls the clectrical re fresh water craviish Procambarus clarkn was dissccted und N
sistance of the transghal pathway to the flow of \( jaied from the ammal according to the method descnibed .
current and 1s presumed to be primarily the transglial by Wallin™* Dunng cleanmg of the nerve cord and the ;
imerceliular space because of s low electrical re- partiai isolaton of the giant axon. the preparation was A
stsiance (1-30 Qem®). continually superfuscd with cravfish ph_\'sn_ologlcul solution. ;.‘
Th ionale for thi . modified from an onginal reape for fresh water crus- A
N ratlo'nd ¢ lor this 'apprqgch was bas'cd onthe . ceans™ It contamed un mM) 190 NaCl 5.4 KCI 135 *
effects of stimulation or inhibition of glial ion trans- CaCly 2.6 MgCl, and 2U Tris bufier. the osmolanity was )
port on ghal interceliular space. Glial uptake of K* 430 mOsm. The pH of ali solutions was adjusted 10 7.4, oy
in exchange for Na*, by the ouabain-sensitive ex- Physiological 501“"0"; \_;llh l;;\e [l;" ] WC(I:’C rq%dc by cq:e»- "k
. y i molar substitution of Tns-HCl for KCl. The chamber !
change mechanism should cause giial volume to design allowed for a rapid (10s) exchange of bathing ~
solutton. All expenments were performed at ambient tem- :
perature (20-23 1. Pharmacological agents were added I
*To whom correspondence should be addresscd. direcliy to the appropnate solution. N
Abbrevianons: AP, acuon potential: C,,. membhrane capac- !
nance: E,. resung membrane potential; [, trans- Measurement of Resting Membrane and Action Porennals o
membrane current step: R,. membrane resistance: R,. The apparatus emploved for membrane potential record- ':"
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STUDIES OF AXON——GLIA( CELL INTERACTIONS
AND PERIAXONAL K* HOMEOSTASIS—III.
THE EFFECT OF ANISOSMOTIC MEDIA AND
POTASSIUM ON THE RELATIONSHIP BETWEEN THE
RESISTANCE IN SERIES WITH THE AXON MEMBRANE
AND GLIAL CELL VOLUME

!

E. M. LIEBERMAN® and S. HassaN
Deparument of Physiology, School of Medicine. East Carolina University, Greenville. NC 27858, U.S.A.

Abstract—The effect of anisosmotic physiological soiutions and [K~ ], on the resistance in senes with the

K axon membrane were studied in medial giant axons of the cravfish. Procambarus clarkit to delcrmme’ o
: if changes in senes resistance are correlated with changes in glal cell volume and volume regulatory b
3 responses. ]
D Senes resistance was esumated from computer analysed voltage waveforms generated by constant !
4 current and space clamp techmgues using piggy-back axial wire current passing and glass pipette recorcing :i
electrodes. Axons subjecied to amisosmouc physiological solution 1n the range of 23 to 175% of isosmolar .‘
solution demoenstrated that the senes resistance of axons changes in 8 manner similar to that expected :“
for a volume change 1n isolated cells. In hyperosmotic solution the senies resistance changes biphasically,
initaily decreasing followed by a recovery of the senes resistance. symilar to the regulatory voiume increase 5
described for ghal cells in culture. The increase in serics resistance following the iniua) decreas2 1s inhibited N
by bumetanide (0.1 mM). Quabain (1 mM), an inhibitor of the volume decreasing Na-K pump. causes -
the senes resistance to increase significantly above that seen for the no drug control. Bumetanide. an
inhibitor of the volume mcreasing Na—K—C! cotransporter, inhibits the volume regulatory response to 4
anisosmotic media. Treating the axon with three umes normal exiernal [K ~] causes the senes resistance y
to decrease approximately 15% while five 1imes normal [K * ] leads to a 15% increase 1n senes resistance. "
Both ouabain and d-tubocurare (10" M) prevent the 1hree-foid [K * J-induced decrease 1n series resisiance )
while carbachol (10~ M) and bumetamide have little effect. On the other hand. ouabain enhances the, ,
3 five-fold [K * }induced increase in senies resistance while carbachol and bumetanide cause the five-fold. o
[K - } response 10 be 1n a decreasing direction. D-tubocurare has httle effect on the five-fold [K * }induced ‘l
U increase 1n series resisiance. A,
[} The study demonstrates that under the conditions of these expenments changes in series resistance are - A»
' a reflecuon of changes n cell volume modulated by ouabamn- and bumetamde-scnsiine K= uptake &
mechamisms. The efiects of carbachol and d-tubocurure on the senes resistance suggest that their effects LK

S ,/ are modulated through their actionyon the plial cell membrane potential and the eiectrochemical gradient |
) for K=, which 10 turn controls the amount of K * that appears in the penaxonal space. A comprehensive
mods] tor K* homeosiasis of the periaxonal space is presenied and integrates the mfluences of ghal
transpornt processes and cholinerpcally controlled membrane potential of the ghal cell at rest and dunng
action potential generation.
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; The first two papers in this series*'* provide evidence  constant for clearance of the remainder is approxi-
¢ that the ghal cell nvestment of the medial giant axon  mately 5 ms.? y
s of the crayfish actively modulates the periaxonal [K*) As pointed out in the previous paper'* changes in ::
M during action potential (AP) generation. Modulation  the resistance in series with the axon membrane (R,) N\
[} occurs through a combined actron of K * entening the  that occur during sumulation and that are modified N
' penzxona) space and cholinergic signals®4!#:334273%3 by [K - ],. cholinergic agents and transport inhibitors, s,
- that acuvate glial cell ouabain- and bumetamde- are probably secondary to changes in volume of the .
' sensitive 1on transport mechanisms.>* The systems glal cell. Recent studies with mammalian astrocyte gt
: controlling penaxonal ion homeostasis are so cultures have demonstrated that both the ouabain- s
' effective that 95% of K~ that flows from a cravfish and furosemide bumectanide-sensitive transport sys. o]
',‘ giam axon during a voltage clamp pulse is clcared tems are mvolved in ghal cell volume regulauon :
‘ from the space during the pulse and that the ume where the ouabain-sensitive K uptake is a volume \
contracting process™ and the bumetanide-sensitive '
.: *To whom correspondence should be addressed. K~ u'ptakc is volume cxpaqdmg.”" Stnce it has been :
t Abbrevianons: AP. acuon potential: E_. resiing membrane shown that ghal cells from invertebrates also accumu- ‘:
. potenual: R.. membrane ressiance, R,. semes re- late K° from the penaxonal’ and penincural spaces'? ]
; sistance. d-TC, d-tubocurare. as a result of excitauon. similar volume regulatory .'
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FOTASSIUM HOMEOSTASIS IN THE NERVOUS SYSTEM OF CEFHALOFODS

AND CRUSTACEA

} Y. Fichon4, N.J.Abbott#s, E.M. Liebermanii4% and Y.Larmetk

X Laboratoire de Neurobioloaqile Cellulaire et
Mol€culaire du C.N.R.S., Gif-sur—yvette, F- 91190, France.

¥4 Department ot Fhysiocloay, ting’s Colleqge, Stirand, London
WCZR ZL.S., Enafland.

4%% Department of Fhysioclogy. East Caroclina Medical 5School,
Greenville, M.C. 27834, U.S.A.
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FRunning Title: E* homeostasis i1n lnvertebrates

key words: b+ homeostasics, invertebrate, crustacea,
cephalopods, crayfish, squid, alia.

' Name and address for correspondence:

; Dr. Yy.Fichon, Laboratoire de Neuwrobiologie Cellulaire et

\ Moléculaire, C.N.R.5.., Gif-sur—-rvvette, F-21190, France.
Fichon et al b+ homeostasis 1n 1nvertebrates

N R TRS AR e

¢ ) N - g S ie® P g ' { (" LW e A ) L 3%, F T BN
. WAL LA SRR A A Ty D DT S T T T n O e MR Mo iy M S MK X W M N D M SO R



T T

R R

- e

K- - 3 » . % T ¥ Ko 4 p
AU g’j O LN SEA \’a.t AAA AN AR 2 0000 ' ALY ,'.'e‘:"..".ﬁ',h‘.

SUMMARY

1. Frevious work has shown that nerve activity 1s associated with
a significant release of potassium i1n the vicinmity of the axcnal
membrane. Several mechanisms are normally present which reduce K+

accumulation 1n the extra—-axonal space.

2. In 1ntact connectives of the crayfish, Frocambarus clarkii,

repetitive stimulation of the giant axons was associated with an
apparent hyperpolarization measured by an interstitial
microelectrode, which most probably corresponds to
depolarization of the inner face of the perineurial cells by k*

10ns leaving the axons.

Z. In desheathed connectives of the crayfish, potassium
accumul ated during long depolarizing voltage-clamp pulses but

cleared away very quickly at the end of the pulse.

4, in the small sguid .Alloteuthis subulata, repetitive

stimulation of giant axons 1 situ 1n +resh and well-pertfused

animals did not result 1n a large decrease i1n the positive after

potential (undershoot), retflecting the absence of potassium

accumulation. A similar absence ot accumulation was observed 1n

vitro tor caretully and treshly dissected i1solated axons +trom

live squids,

5. In both cases, deterioration of the physiological state of the

aron was accompanied by a sianitaicant potassium accumulation.

3
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Fotassium accumulation could also be reversibly enhanced by
decreasing the osmotic pressure of the bathing medium, whereas
hyperosmotic solutions had the opposite eftect. These results

are compatible with the i1dea that Schwann cells around the axon

play a key role 1n KE* homeostasis,.

o. Experiments on girant axons of the large squid species, Loliqgo

forbesi confirmed the observations made on aAlloteuthis 1n  that

tresh preparations exhibited little potassium accumulation. Under
voltage-clamp conditions, 10 ms depolarizing pulses to various
potential levels did not i1nduce any accumulation in these
preparations as reflected by the outward tail current. Latrge
accumulation was cbhserved 1n older Hons undet similar

experimental conditions.

~—

7. A large peri-aional space associated with healthy glial cells
appears to be a prerequisite for efficient E*  homeostasis 1h
both cravyfish and sauid. Other mechanisms 1nvolving specific
transport mechanisms across axonal and glial membranes are also

likely to be i1nvolved.
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POTASSIUM ION SELECTIVITY e

SUMMARY g
>

>,

1. Potassium permeability and selectivity of the crayfish Y
perineurium were studied using conventional halt
electrophysiological techniques and application of the

Goldman-Hodgkin-Katz equation. A

2. Potentials were generated across the perineurial sheath in

elevated [K+]o in a Nernst-like manner. In 100 mM [K+]°, A

the sheath potential was characterized“by a_transient 40 mV %ﬁ
potential, which peaked within 10-20 seconds before f"
falling over 60-90 seconds to a potential ﬁiateauing around gg
20 mV. The response to a [K+] gradient across the sheath E:%
was not symmetrical, and below normal [K+]o small ;W
potentials of 2 mV were recorded, deviating sharply from E}.
the Nernst equation. The response to 100 mM [K+]o was not S?‘
consistent, but varied between animals; three classes of %f
sheaths could be distinguished, with decreasing K- {ﬁ
selectivity and decreasing peak potential amplitude. Most N

of the results were taken from class 1 or 2 sheaths, which

. _'gﬂﬁ?%

showed the highest degree of K'-selectivity. i;

g

23

3. The peak potential was a result of high K'-selectivity of ;r
the perineurium. The sheath was effectively impermeable Qﬁ

to Na+, and was ten times less permeable to Cl~ than K+. Xﬁ
The selectivity sequence to monovalent cations was K = Rb ‘ﬁ-

>> NH, > Cs > Li > Tris > Na; only RbT was capable of

% -_m-:?.{ﬁ

L)
o
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POTASSIUM ION SELECTIVITY

generating a large peak potential. During the plateau the
permeability ratio (Pc1/Pg) increased from 0.10 to 0.29 due

to a decrease in K+—permeability, and was unaffected by

€17,

The peak votential generated by Rbt was strongly
concentration dependent, and was greatly reduced in less
selective sheaths. In 100 mM [Rb+]o the peak potential was
of equal amplitude to that in K+, but was of briefer
duration (10-20 seconds) and fell to a significantly lower
plateau potential of 8-10 mV. at this -potential, in highly

selective sheaths, spontaneous spike potentizls equivalent

to the first peak potential were generated without any

further experimental manipulation.

The axon membrane potential was calibrated for [K+]o in the
desheathed preparation (in which the perineurium was
removed surgically) under a number of experimental
conditions, and it was used as a biological vkt-electrode"
to monitor [K+]ad in the intact nerve cord in order that K*
transport rates across the perineurium could be estimated.
Potassium movement between the bulk solution and adaxonal
space was rapid in the desheathed preparation, with a
transport rate of 3-4 x 10”3 .s”l. 1In the intact nerve
cord, flux rates fell with increasing electrochemical
gradient, from an extrapolated value of 2 x 1073 .s71 in
normal, 5.4 mM [K']_, down to 0.4 x10"3 .s71 in 100 mM

[K+]o. In the absence of an electrochemical gradient, i.e.

~
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POTASSIUM ION SELECTIVITY

in the normal case, K' movement does not appear to be
particularly restricted, but when the system is disturbed,
kY is considerably decreased. Efflux and influx of Kt
across the perineurium was symmetrical. Removing Cl1™, had
no significant effect on KT transport rates. Transport of

Rb* was slightly slower than for K.

It is suggested that K'-selective channels, acting like
inward rectifying channels, are activated in high [K+]o
when a voltage of 8 to 10 mV (inside positive) is generated
across the perineurium, giving rise t; the peak potential.
The presence of shoulders in the rising phése implies that
Kt-selective channels may be activated in voltage steps.
At a potential of 40 to 45 mV, the channels inactivate in a
manner which appears to be [K+]i dependent, and the
potential falls to a lower level. At least two populations
of K'-selective channels were implicated; one with a very
high selectivity which also allows the passage of RbY and
results in the Rb" peak potential and spontaneous spikes,
and the spike potential in class 1 sheaths; and a second
channel which restricts Rb' and gives rise to the broad
peak potential in 100 nM [K+]O. The major route for Kt
trahsport is through these channels, and Kt "leak" across

the perineurial barrier does not appear to be significant.

It is concluded that the crayfish perineurium is an

effective permeability barrier, compatible with a role in

.......
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central nervous system homeostasis, and illustrates a Kkt
selectivity not observed in the vertebrate blood-brain
barrier, which is characterized by extremely low ionic
permeability and active ion transport. The nature of the
perm-selective barrier is unclear, but the perineurial glia

as the site of modulated K-selectivity is consistent with

their role in K homeostasis and spatial buffering in the
central nervous system. The limitations in explaining all
of the observations by such a cellular barrier coupled
with a tight epithelium are discussed. It is proposed that
the thick outer neural lamella and extradéilular matrix,
made up of glycosamiﬁoglycan; (most likely predominantly
hyaluronic acid) embedded within a collagen matrix,
influences the K¥ perm-selective properties of the crayfish

perineurium, and may explain some of the discrepancies

between this tissue and others with similar functions.
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Evidence for glutamate as the mediator of axon-Schwann cell interactions
in the isolated giant axon of the squid

By N.Joax Apporr*. N. Hassaxt and E. M. LieBerMaxt. Marine Biological
Association Laboratory, Plymouth, * Department of Physiology, King s College, London
WO2R LS. and t Department of Physiology. East Carolina University School of
Medicine, Greenville, NC' 27858, U8 4.

Schwann cells surrounding the giant axons of the squid hyperpolarize upon high-
frequeney stimulation of the axon, and application of cholinergic agonists (Villegas,
1984), octopamine. agents that raise intracellular eyvelic AMP, and some peptides
(Evans et al. 1986). The endogenous signal from axon to Schwann cell is unknown,
although glutamate has been suggested (Villegas, 1984).

In isolated axons of Alloteuthis subulata bathed in artificial sea water (Abbott et al.
1985). 100 Hz stimulation of the axon caused £ . the Schwann cell resting potential
(—40mV). to hyperpolarize in direct proportion to train duration by up to a
maximum of 1t mV at 15-30 ~ stimulation. The hvperpolarization produced by
1000 Hz for 15 s was a linear function of action potential amplitude (r = 0-86).

The £, of the Schwann cell hyperpolarized (by up to 17 mVy with the application
of L-glutamate (107* to 107* M) in a dose-dependent manner. The response to
glutamate and to axon stimulation was blocked by 107% M 2-amino-4-phos-
phonobutyrate (2APB or AP4) as well ax by 1077 M p-tubocurarine. In the presence
of 2APB the Schwann cell was still normally responsive to 1077 s earbachol.
L-aspartate (1077 M) was nearly as effective as glutamate in causing a hyper-
polanization (10-7 £0-7 and 12284 1'1 mV respectively. mean +s.E.). but this was not
blocked by 2APB. Quisqualate (107* M) produced a hyperpolarization (8:2+ 09 mV.,
n = 5) blocked by 107 & L-glutamic acid diethylester (GDEE). which also blocked
the response to axonal stimulation. Kainate (107 m) also caused a hyperpolarization
(72mV) but NMDA (1077 m). ibotenate (1072 M), x-amino-3 hyvdroxy-i-methyl-
woxazole propionate (AMPA, 107 ») and isethionate (107° M) were ineffective.

The results sugeest that glutamate mediates the communication between the
active axon and its surrounding Schwann cellz by acting on quisqualate/kainate
receptors to activate the cholinergic mechanism of the Schwann cell. This may in
turn activate further Schwann-cell processes, including K* homeostasis of the
periaxonal environment, ax suggested for the equivalent system in the eravtish
(Brunder & Licberman. 1956).

We thauk the NSF International Programs (F. M. L) and Wellcome Trust (N1 A for support,
and the Director of the Marnne Biological Association Laboratory for tacilities.
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I0W SELECTIVITY OF THE CRAYFISSE BLOOD BRAIN BARRIER: AN
ELECTROPATSIOLOGICAL STUDY. A.M.Butt®, P, Bargictei® scd E.M.
Lieberman. (SPON: ¥, & Woolea) Dept. Physiology, Sch. Med., Kast
Tarolina U, Greeovills, MC 27834

Previous studies from this lsborstory (Lisbermsn et al. Bophys
Jee 45,1462, 1983) presenced avidence that the perineurium
surrounding the ventral nerve cord (blood brain barrier) is M;M{
selective ¢o tha msjor tons, deing 10 times more permeadle to Kk
than C1” mod praccically imperwesant to Ma®.

The ventrsl norve cord is removed intact from the animal with
spscial regard to avoiding physical stretch sad exposure to air,
thus mafatainiog che tntegrity of the psruashility propsrties of
the sheath., Using standard electrophysiologicsl techniques the
perinsurive and the medial gient axow ace tupsled. In this way the
potential across tha shaath end the axom membrane ten be wonitored
by differeatial rvecording.

In coatrol salutioa (190aM Na, S.4aN X crayfieh phystological
solution) there 1s no poteatial across the sheath. Bxchange of the
control solution with one contatniag 100mM |K) (Na substituted)
causes 8 rapid change {e potential to +42¢2aV, ineide post tive,
pesking within 10 seconds, This 1s followed by s fall fa potantial
with s plstesu value of agproxisataly +15aV, The peak potential ts
wsed to avaluste fon salectivity of the barrier.

The persssdility selectivity saquence tor ssversl monovalaat
catione 18 R* = mp® 2> MM, "> co® = L1* > Ma® > Tria®. Based on the
atfect of Na deplecion, and Cu’. u’. and Tris* substitrution on
the sctioa potential thesa lons ara sffectively 1aperncant within o
time freme of 30 minutes exposure.

The potential reeponse of the perineurial sheath to 100mM 0 1
of particular Lluteresc. Although the pesk response is the sape
(4021aV) as 1n 100aM X, the plsteay 13 such lower (ll:l-V). ln
saveral ezperiments spoatsnecus epikes occurved at this potential
while the preparstios wae continuously dathed ia Rb solutien.
Current~Voltage reletions of the shesth ghowed & negative
resistance region in the range of (0-[5uV. The addicional eplkes
hed the same approximate esplitude end tiwe courss of the faitial
spike,.” The resoval of calt from 100uM K sotution greatly depressed
the spike dehavior of the barrier end aslowed the potential

ns PMUOLOG1£TS 24(4) 127 199b

sITe or 10, SELECTIVITY OF. THE CRAYPISH BLOOD-BRAIN BARRIRR,
Butt, A. X. ', Hargiteai, P. tLieberman, k. M., Last Carolina
Univ.,5ch, Med., Greenville, N.C. 27834,

The perineurial sheath surrounding the ventral nerve cord
of the crayfish 5s highly salective to k', being almost
imperussble to othar monovalent cations. However, the site of
selectivity was unclear: the sucopol ysaccharide layer at the
shasth surface, membranes of the glial cells which make up the
Shesth, or fon selective tight juncticns betveen the gliai
calle. Buperfusion with 100aM K* causes a rapid change in the
poteatial difference across the sheath to 442wV, used to
evaluate fon selectivity, folloved by a fall imn porential ta o
platsau around +25aY, s measure of sheath perseability. The
Axon membrane potential depolarfzes slowly 5-10aV ovar a 2
winute 100wm K* pulse and i{s & measure of the (%*] 10 the
adaxonal space. Superfusion with 1% NaCN + 1% fodoscatic aeid
(30 @ine)} had no effect oa sheath gelectivity or perseabiliry.

intercellulsr juncrions by osmotic shock
tol) had mo effect on the siectivity of the
Shesth, but incressed tha permeability to XK' 3-4 times.
Baching the cord n 1X hysluronidsse or ruthentus red for 30
Sins alsmost completely abolished the selectivity of tha sheath
but d1d not increase ite overall permesbility. The rasulte
Suggest the eite of ion sslectivity 1a the mucopolyssccharide
layer, acting ss o highly efficlent jon exchanger, which g
quite separate from the reduced Permeability of thw shaath dus

to the intercellular junctions. Supported fa part by ARG
DAALO3~86-0023.

Toeponse .
The dats suggest thst che permesdtliscy

acroes the perineurssl

shesth of the crayfiah nerve cord 1s modulaced by K-selective

chantele. These channels sppeared to be vol

yot vere sot slffected by 0 ginutes exposure to
(18R) end 3,4-DaP (0.5aM),

Supported, ta part, by grent from the
Yo .DAALO3-86-K~0023, .

tage {on ssusittve,
T:" (Z-5uM), TRA

Army Rlasesrch Office

ss0 FED PROC. de(y) 1275 1981

ROLE OF WUCOPOLYSACCHARIDES IW THE ION PERM-SELECTIVITY OF THE
CRATFISE MERVE CORD PERINEURIUM. A. M. Bute, P. Bargittai asod
E. M. Lieberman. Dapt. Phyeiol., Rast Carolins Uni. Sch.
Med., Gresaville, NC 27838,

loa perm—selectivity snd 1-V relations of the peripeurial
sheath were studjed by conventioual microelectrode techaiques.
The sheath is 10 times ®more permesble to K than C1 and
affectively 1mpermasdle to Na. Selectivity is ssyasetrtic, is
both 1on and voltage sensitive and hae @ selectivity sequence
typical for K-channale, but {s umaffected by K-channal
blockers or metabolic fnhibitors. Hysluronidase completely
aboliahes the selectivity, and osmotic disruption of the
iotercellular tight junctious increases permeabllity 2-3 fold,
vhile not reducing sslectivity. Selactivity appears to
reside at the mucopolysaccharide matrix of the sheath neural
lasells 1n series with limited permesdbility ascrose
intercellular junctione betveen perinesurial glis. It te
sensitive to Cu, La, and futhenium red, suggesting strong
negatively charged sites of proteoglycan heparin sulfate
end/or sialic acid side chains are responsible. 1t fte
proposed that the {on geiective properties of proteoglycans
Say prove to be important im ion homaeostasis of the
extracellular space in gemaral, as suggestad i studiss on the
frog uode of Reavier, vertebrate sciatic nerve perineurius,
and smyocsrdiel celle. The perimsurial shesth of the crayfish
say prove to be s useful model which sllowe the components of
the extrscellular matrix, cell seabranes sgud intercellular
junctions to be functiosslly separsted. Supported dy ARO
DAAG-29-82~X-0182.
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